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Carotid endarterectomy is the most commonly
performed operation in vascular surgery today; how-
ever, aneurysms of the extracranial carotid artery
(ECA) are rare. Nevertheless, these aneurysms are of
interest because they have diverse etiologies and pre-
sent diagnostic and therapeutic challenges. The eti-
ologic profile of ECA aneurysms has changed, with
fewer pseudoaneurysms (PAs) and fewer infected
aneurysms now encountered. Also, significant devel-
opments in the treatment of these aneurysms have
occurred over the last five decades. Newer tech-
niques, including stented grafting1-4 and emboliza-
tion with detachable coils,5,6 are now being used.
However, these are still in early phases of clinical use,
and results of large series and long follow-up are
awaited to establish the safety of these interventions.
Meanwhile, surgery continues to have a primary role
in the treatment of this entity.
Comprehensive information about ECA aneu-
rysms has been difficult to obtain and, consequent-
ly, to interpret for several reasons. Foremost among
these is the rarity of this entity, estimated at 0.1% to
2% of all carotid procedures.7-9 Possibly as a conse-
quence, large, single-institution series are seldom
reported. In fact, most large institutions repair an
average of only one ECA aneurysm per year. Thus,
little is known about the immediate and long-term
results of surgical intervention for these aneurysms.
A third reason for the paucity of information is that
some series have included not just ECA aneurysms
but other types as well, and results have not always
been correlated with specific causes.10 We retrospec-
tively reviewed an unpublished series (the largest to
date, spanning 36 years) from the Texas Heart
Institute (THI)/St Luke’s Episcopal Hospital in
Houston describing immediate and long-term
results of surgical intervention for ECA aneurysms.
This series is significant for its large size, long fol-
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low-up, large number of PAs and infected PAs, and
categorization of ECA aneurysms by etiology.
PATIENTS AND METHODS
Between 1960 and 1995, a total of 7394 aortic
and peripheral aneurysms were repaired at the
THI/St Luke’s Episcopal Hospital, Houston.
Among these, 67 aneurysms (0.9%) in 65 patients
involved the ECAs. Characteristics and presenting
symptoms of those patients are given in Table I.
Patient data were retrospectively collected with par-
ticular attention to epidemiologic characteristics,
risk factors, clinical presentation, treatment, and
outcome and are organized in this report according
to the three aneurysm etiologies encountered.
All available diagnostic studies (including
Doppler ultrasonography scan, angiography, and
computed tomography) were reviewed in accor-
dance with the current criteria and definition of
carotid aneurysm, as specified by De Jong et al.11
Significant disease of the contralateral common
and/or internal carotid arteries (ICAs) was present
on preoperative angiography in 19 cases.
The aneurysm was surgically explored in all
cases; repair was done in all but two cases: a trau-
matic distal ICA aneurysm with intracranial exten-
sion that was not treated and an infected PA in
which the carotid artery was ligated. Postoperative
results and late outcomes were reviewed. Patient fol-
low-up was according to institutional surveillance
protocol, which consisted of (1) postoperative
carotid duplex scans at 3 months and when indicat-
ed clinically and (2) annual clinical examination
thereafter. In the years before the wide use of
Doppler ultrasonography scan, follow-up consisted
of regular clinical examinations only. An annual
questionnaire was sent to patients who could not
return for clinical assessment.
Aneurysms
Pseudoaneurysms. Thirty-seven patients (27
men, 10 women; age range, 48-84 years [mean,
67.9 years]) had 38 PAs after previous carotid pro-
cedures. A Dacron patch had been inserted at the
first operation in virtually all cases. A Dacron graft
had been used for one carotid/subclavian bypass
graft and for two other patients who had had previ-
ous repair of PAs. Six patients had undergone reop-
eration from one to three times since the first carotid
endarterectomy (CEA). Two patients had three
infected PAs: bilateral PAs after simultaneous bilat-
eral CEAs in one patient and PA after simultaneous
CEA and aortocoronary bypass graft in the other.
Seven of the PAs were due to silk suture degenera-
Table I. THI series of ECA aneurysms 1960-1995: patient characteristics and presenting symptoms by
major etiology
No. of aneurysms by major etiology encountered
Traumatic 
Characteristics/symptoms AAs aneurysms* PAs (all)† Total
No. of patients 23 5 37 65
Age range in y (mean) 35-80 (59) 26-82 (48.2) 48-84 (67.9) 35-84 (62.5)
Male/female 15/8 1/4 27/10 43/22
No. of aneurysms 23 6 38 67
Location: left/right aneurysm 13/10 2/4 (bilateral in 1) 15/18 (bilateral in 1); 
5 data unavailable 5 data unavailable
Symptoms (no. pts.)
Mass (neck) 12 4 22 38
Neurologic (cerebral ischemia) 15 1 12 28
Infection 0 0 13 13
Other CN dysfunction (3), Hoarseness (1) (1) dissection (1), 23
pain (3), dysphagia (2), bruit (2), dizziness (1), 
dizziness (2), tinnitus (1), hemorrhage (1), 
bruit (4), pharyngeal mass tracheal obstruction (1)
(1), impending rupture (1)
*Three blunt and 3 penetrating aneurysms.
†Interval between original carotid procedure and onset of pseudoaneurysm ranged from 1 month to 14 years (mean, 4.3 years). There
were 37 post-CEA and one post-CS bypass graft PAs.
AA, Atherosclerotic aneurysm; CEA, carotid endarterectomy; CN, cranial nerve, CS, carotid subclavian; ECA, extracranial carotid
artery; PA, pseudoaneurysm; THI, Texas Heart Institute. 
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tion, 13 were due to infection, and 18 were due to
atherosclerotic degeneration of the artery at the site
of the endarterectomy. The onset of symptoms
ranged from 1 month to 14 years after the original
carotid procedure. A mass was the presenting symp-
tom in most patients (22). Transient and permanent
neurologic deficits were noted in nine and three
patients, respectively. In another patient, a carotid
arteriogram by means of direct puncture (done in
1972) resulted in dissection of a small PA, requiring
immediate surgery. Infection (infected sinus,
abscess, cellulitis) was associated with the develop-
ment of PA in 12 patients (bilateral in one).
Atherosclerotic aneurysms. Twenty-three cases
of atherosclerotic aneurysms (AAs) involved various
portions of the carotid artery (Fig 1). Most
aneurysms involved the common carotid bifurca-
tion. Aneurysm size ranged from 2.5 cm to 5 cm.
Associated ICA tortuosity was present in three cases,
and contralateral ICA occlusion was present in two
patients, including one who had undergone previous
contralateral CEA. Most of the patients with AAs
(15/23) had ipsilateral neurologic symptoms (cere-
bral and visual transient ischemic attacks) (Table I).
In 16 patients, associated comorbid factors were
present, including hypertension (in 11 patients),
coronary artery disease (seven patients), cardiac
arrhythmias (two patients), and diabetes mellitus,
chronic obstructive pulmonary disease, hyperlipi-
demia, smoking, and hypothyroidism in one patient
each. Eight patients had undergone various vascular
procedures: abdominal aortic aneurysm (AAA)
repair (four patients), aortoiliac bypass graft (one
patient), renal artery bypass graft (two patients), and
bilateral femoropopliteal bypass graft (one patient).
Traumatic aneurysms. Fig 1 shows the location
of the traumatic aneurysms. Three dissecting
aneurysms developed in two patients after blunt
neck trauma (motor vehicle accidents). One patient
had recurrent cerebral transient ischemic attacks as a
result of bilateral dissecting distal ICA aneurysms,
and the other patient had a proximal common
carotid artery (CCA) aneurysm. Three PAs of the
proximal CCA followed attempts at internal jugular
vein cannulation.
Other. Only two patients in our series had clear
evidence (angiographic and pathologic) of fibromus-
cular dysplasia. It was associated with renal artery
involvement in one patient.
Operative procedures 
Under general endotracheal anesthesia, all patients
were operated on by physicians who used a standard
approach anterior to the sternocleidomastoid muscle.
Continuous electroencephalographic and hemody-
namic monitoring was used in all cases; systemic
blood pressure was maintained at normotensive lev-
els with vasodilator or vasopressor agents or volume
replacement. Carotid control was obtained by clamp-
ing or, in case of distal extension of the aneurysms,
by a Fogarty catheter or an intraluminal dilator.
During carotid clamping, patients were ventilated
with pure oxygen, and tidal volume was increased
and ventilation frequency decreased to produce brain
hyperoxygenation plus light hypercapnia. An
indwelling shunt was generally used in cases (overall,
52 of 67 cases) of inadequate collateral flow, as noted
on preoperative angiography, or in the presence of
stroke. The etiology, size, and anatomic extension of
the aneurysm and the adequacy of contralateral
Fig 1. Sites of traumatic aneurysms and AAs. By defini-
tion, all PAs involved the common carotid bifurcation.
Fourteen AAs were located at the CCA bifurcation
and/or proximal ICA, four at the mid portion of the ICA,
three at the mid CCA, and three at the distal ICA. In one
case the aneurysm involved the CCA bifurcation extend-
ing to the proximal portion of the external carotid artery
not involving the ICA. D-ICA, Distal ICA; M-CCA, mid
CCA; P-CCA, proximal portion of CCA; P-ECA, proxi-
mal portion of ECA.
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blood flow determined the surgical treatment. Data
on operative procedures, results, and follow-up in
this series are given in Table II.
Pseudoaneurysms. Of 38 PAs, 30 were repaired
by partial excision and patch closure. In six cases the
carotid artery was resected and replaced with a graft.
In one case of infected PA, a partial aneurysmecto-
my was performed with primary closure using an
absorbable polydioxanone suture. The CCA and
ECA were ligated in another patient with an infect-
ed PA who had contralateral hemiplegia and com-
plete occlusion of the ICA.
Atherosclerotic aneurysms. Nine AAs were
treated with partial aneurysmectomy and Dacron
patch repair. End-to-end anastomosis was done when
feasible (eg, with small aneurysms and elongation of
the ICA), with or without Dacron patch angioplasty
(nine cases). In one case, after resection of the ICA,
the ECA was transposed and anastomosed to the dis-
tal ICA, and the repair was completed with a Dacron
patch angioplasty. A CCA-to-ICA polytetrafluo-
roethylene (PTFE) graft (Gore-Tex) was used in one
case. In another, a PTFE graft was fashioned to
reconstruct the CCA bifurcation. Two distal ICA
AAs were controlled by clipping, and one by plica-
tion and patch angioplasty. One patient underwent
aortocoronary bypass graft simultaneously with the
aneurysm repair.
Traumatic aneurysms. In the patient with bilat-
eral distal ICA aneurysms, one aneurysm was resect-
ed, and arterial continuity was restored with end-to-
end anastomosis. The other side was explored 5 days
Table II. THI series of 67 extracarotid artery aneurysms: surgery, results, and follow-up by major etiology
encountered
No. of ECA aneurysms by etiology encountered
AAs (23) Traumatic (6) PAs (38) Total
(23 patients) (5 patients) (37 patients) 65
Surgery (no. procedures)
Aneurysmectomy/patch closure D 9 0 D 25, SVP 4, G 1 39
Aneurysmectomy/primary closure 0 0 1 1
Resection/primary anastomosis/patch 6 0 0 6
Resection/primary anastomosis 3 1 0 4
Resection/grafting G 2 1 D 4, SVG 2 9
Resection/repair 0 3 0 3
Clipping 2 0 0 2
Inaccessible 0 1 0 1
Plication, patch angioplasty 1 0 0 1
Ligation 0 0 1 (infection) 1
Cerebral protection (intraluminal shunt) 8 1 33 52
Results
In-hospital mortality (no. patients) 1 (MI) 0 3 (stroke) 4
Cerebral vascular accidents 1 0 4* 5
Cranial nerve deficits 3 0 1 4
Other 2 hematoma, 
1 urine retention 0 1 ARF, 1 hematoma, 7
transient tongue 
swelling
Follow-up
Duration 1.5 m-30 y 
(mean, 6 y) 2 m-2 y 1.5 m-23 y 1.5 m-30 y
Late deaths (no. patients) 6 (1.5 m-8.5 y) 1 (20 m) 12 (1.5 m-16 y) 19 (1.5 m-16 y)
Causes of death 5 (MI-ACB) Breast CA 6 MI, 11 MI,
1 ruptured AAA, 1 AAA,
1 pneumonia 1 pneumonia, 
1 breast CA
Undetermined 1 0 4 5
Lost to follow-up (no. patients) 1 1 2 4
Late survival (no. patients) 15 (1 m-30 y; 3 (2 m-2 y) 20 38
mean, 6.2 y)
*Including 3 stroke-related deaths.
AA, Atherosclerotic aneurysm; AAA, abdominal aortic aneurysm; ACB, aortocoronary bypass; ARF, acute renal failure; CA, cancer; D,
Dacron; ECA, extracarotid artery aneurysm; G, Gore-Tex; MI, myocardial infarction; PA, pseudoaneurysm; SVG, saphenous vein graft;
SVP, saphenous vein patch; THI, Texas Heart Institute.
later. However, distal extension of that aneurysm
precluded resection, and it was not repaired. The
proximal CCA aneurysm was resected, and arterial
continuity was restored with a PTFE graft. Arterial
repair was done in the three PAs that followed pen-
etrating neck trauma.
RESULTS
Four early deaths (three fatal strokes and one
myocardial infarction) and two nonfatal strokes were
directly attributed to a repaired aneurysm of the
ECA, for an overall mortality/major stroke inci-
dence of 9% (6/67) and a minor stroke incidence of
1.5% (1/67). The incidence of cranial nerve injury,
as noted by clinical examination, was 6% (four cases).
Four patients were lost to follow-up. During long-
term follow-up (range, 1.5 months–30 years; mean,
5.9 years), 19 patients died of various causes (11
patients of myocardial infarction) (Table II). Nine
patients had ultrasound scans (seven patients had
one scan, one patient had two scans, and one patient
had three scans).
Pseudoaneurysms. Among 37 patients with
PAs, the overall incidence of early mortality/major
stroke was 4 (10.8%): three fatal strokes and one
nonfatal contralateral stroke. The fatal strokes
occurred during the period 1960-1966. One of
these patients had recurrent postoperative hemor-
rhage from an infected PA. The artery was eventual-
ly ligated, and the patient died. A minor stroke
occurred in one patient (2.6%) who had undergone
contralateral redo-CEA 5 days earlier; he died 8
years later of an undetermined cause. Two patients
were lost to long-term follow-up. Of the remaining
32 patients, 12 died of various causes. Six of the late
deaths were from myocardial infarction.
Delayed infection complicated six repairs after 2
months to 3 years. In one patient the carotid artery
was ligated with no neurologic sequelae. In the
remaining cases, local sinus excision (one case), revi-
sion with a Dacron graft (two cases), saphenous vein
graft (one case), and PTFE patch (one case) were
done. One patient had restenosis at the repair site,
which necessitated revision endarterectomy and
patch closure. In an additional patient with a Dacron
graft, infection recurred but did not involve the graft
itself and required only local wound treatment.
Thirteen patients remained asymptomatic without
further interventions and showed no recurrence 1.5
months to 23 years postoperatively.
Atherosclerotic aneurysms. Of 23 patients, two
(9%) died or had a major stroke in the postoperative
period. Three days after an uncomplicated AA
repair, one patient died because of myocardial infarc-
tion associated with postoperative malignant hyper-
tension. The second patient, who had ipsilateral
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Table III. Data from 13 largest single-center experiences with extracarotid artery aneurysms since 1950
Year Total #
range carotid # ECA % of
Series of series procedures cases total ASO
Rhodes et al13 1959-1975 NS 23 NS 16
McCollum et al14 1956-1977 4,000 37 9.25 16
Pratschke et al15 1960-1979 1,047 28 2.67 13
Welling et al9 1952-1982 1,104 41 3.7 21
Krupski et al16 1960-1982 NS 22 NS 8
Zowlak et al17 1957-1983 NS 24 NS 24
Sundt et al18 1978-1985 1,250 20 2 4
Bower et al10 1950-1990 NS 25 NS 3
Schievink et al19 1980-1993 NS 22 NS 0
Moreau et al20 1961-1985 2,000 38 1.9 12
Faggioli et al21 1974-1995 1,324 24 1.8 9
Pulli et al22 1982-1995 2,138 21 0.98 10
Subtotal 12,863 325 2.53 136 (42%) 
THI series* 1960-1995 4,991 67 1.34 23 (34%)
Total 1950-1995 17,854 298 1.54
392 159 (40%)
*Not previously published.
AA, Atherosclerotic aneurysm; DP, Dacron patch; ECA, extracranial carotid artery; FMD, fibromuscular dysplasia; 
GP, Gore-Tex patch; NS, not significant; PA, pseudoaneurysm; SVP, saphenous vein patch; THI, Texas Heart Institute.
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cerebral transient ischemic attacks, progressed to
complete stroke postoperatively. In this case, distal
control of a high ICA aneurysm was not possible; it
was treated by clipping and partial excision. None of
the grafts required revision to correct inadequate
flow or a neurologic deficit. Two patients required
drainage of neck hematomas: the case of bifurcated
PTFE graft construction and a case of persistent
swelling, investigated by arteriography, which dis-
closed normal flow without evidence of a PA.
Follow-up data (average, 6 years) were available for
20 patients. No late strokes were attributed to the
repaired carotid artery. None of the patients had an
infection or a PA.
Traumatic aneurysms. No postoperative deaths
or complications developed in this group. All
patients were alive and symptom-free 2 months to 2
years after surgery.
DISCUSSION
Surgical treatment of ECA aneurysms requires
an approach determined by the etiology, size, and
location of the aneurysm and any associated comor-
bid factors in the patient. Treatment outcomes are
likewise influenced by these factors. For example, a
higher mortality or major stroke rate is expected
when treating aneurysms on an emergency basis for
rupture or worsening neurologic manifestations, or
in reoperative carotid surgery, for example, post-
CEA PAs. Conversely, young patients with trauma
usually tolerate carotid clamping well and have ade-
quate collateral flow to tolerate carotid artery liga-
tion without major neurologic consequences. Also, a
higher incidence of cranial nerve injury is expected
with distal ICA aneurysms (eg, traumatic and dis-
secting) and with reoperative carotid interven-
tions.12
In our series, surgical repair was attempted in all
ECA aneurysm cases. The profile of our series was
unique in several respects. First, the most prevalent
etiology of the ECA aneurysms in our series was PA
(in 57% of cases). In contrast, PAs comprised only
14% of ECA aneurysms overall in the reviewed litera-
ture, where the most commonly reported etiology
was atherosclerotic degeneration (42%) (Table
III).9,10,13-22 The atypically high incidence of PAs in
our series derived in part from THI’s status as a refer-
ral center; 15 of these PAs followed CEAs performed
elsewhere. Second, almost all the PA cases in our
series followed patch closure for endarterectomy,
which is associated with a higher incidence of PAs
than primary closure. Finally, infection was a factor in
the development of 13 of the PAs in our series. For
comparative purposes, Tables III and IV summarize
post-1950 data from the 12 largest single-center
experiences with ECAs from the literature.9,10,13-22
Etiologies
Bilateral
- - presen-
PA Trauma Dissection FMD Infection Other tation
3 4 0 0 0 0 4
19 2 0 0 0 0 3
1 SVP 9 0 1 2 2 1
3 DP 0 16 0 1 0 5
10 0 0 0 1 3 1
0 0 0 0 0 0 3
0 7 6 2 1 0 1
2 8 6 3 2 1 0
0 11 11 0 0 0 0
0 6 6 8 1 5 3
2 SVP 1 0 12 0 0 4
5 GP 0 0 6 0 0 0
45 (14%) 48 (15%) 45 (14%) 32 (10%) 8 (2.5%) 11 (3%) 25 (8%)
38 (57%) 6 (9%) 0 0 0 0 2 (3%)
83 (21%) 54 (14%) 45 (12%) 32 (8%) 8 (2%) 11 (3%) 27 (7%)
Aneurysms
Pseudoaneurysms. The development of PAs
after CEA is rare23-25 (Table III).9,10,13-22 The THI
series of 38 PAs encountered over 36 years repre-
sents a large group that provides meaningful infor-
mation on the pathogenesis, presentation, and
immediate and long-term results of surgical inter-
vention.
Presentation of PAs may take as long as 15
years.14 Recurrent episodes of postoperative bleed-
ing from the wound, persistent wound hematoma,
or late wound infection should alert the surgeon to
PA formation. Sepsis is occasionally a presenting
symptom.26
The pathogenesis of PA may involve (a) rupture
or dilatation of patch material, (b) partial disruption
of the suture line due to infection, or (c) mechanical
stress (eg, the residual thin wall of the artery after
CEA may expand under the thrust of pulsatile blood
pressure).
Rupture or dilatation. It is difficult to estimate
from the literature the exact incidence of PA forma-
tion after a specific type of closure because PAs fol-
lowed CEAs in which various methods of repair were
used. Pseudoaneurysms have been reported to be
two to four times more common after patch angio-
plasty than after CEA9,27; however, this information
was based on only a few cases and anecdotal experi-
ence. Among 30 PA cases (at various institutions
from 1960 to 1986) that had available comparative
incidence data, 21 cases followed patch angioplasty
and 9 cases followed primary closure (complication
incidences of 0.33% and 0.25%, respectively).25
Imparato28 suggested that use of a patch that is
too wide results in exaggerated distention of the ves-
sel, which results in increased lateral pressure and
promotes aneurysm formation. At THI, where the
Dacron patch is the standard CEA closure method,
the incidence of PAs in our series was 0.45%.
Pseudoaneurysms occurred commonly in the early
1960s when silk sutures were used to sew Dacron
patches in place (seven cases at THI). The silk dete-
riorates with time, and the suture line disrupts to
various degrees.
Disruption from infection. Wound infection is a
serious complication of CEA. If the suture line is
involved, disruption almost invariably occurs, partic-
ularly if a Dacron patch is used. Improper skin
preparation, breaks in sterile technique, wound
hematomas, prolonged operative exposure, and sec-
ondary operations increase the incidence of infec-
tion. Again, the Dacron woven patch is more sus-
ceptible to infection than the double velour patch.29
Our current practice is to use prophylactic antibi-
otics routinely in all patients undergoing CEA,
because the Dacron patch is used in most cases. In
redo surgery, a culture specimen from the wound
should be obtained, even if gross infection is absent,
and perioperative intravenous broad-spectrum
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Table IV. Management and outcomes for 13 largest single-center experiences with extracarotid artery 
aneurysms since 1950
Series Ligation Nonoperative
# Procedures Stroke/death # Procedures Stroke/death Graft Patch
Rhodes et al13 1 0 2 0 (0%) 8 3
McCollum et al14 4 1 (25%) 9 3 (33%) 6 18
Pratschke et al15 8 (3)* 0 5 2 (40%) 8 2
Welling et al9 0 0 20 1 (5%) 19 0
Krupski et al16 4 1 (25%) 1 0 (0%) 5 6
Zowlak et al17 0 0 6 3 (50%) 8 2
Sundt et al18 3 0 0 0 (0%) 7 0
Bower et al10 5 1 (20%) 0 0 (0%) 10 0
Schievink et al19 5 0 0 0 (0%) 11 0
Moreau et al20 1 0 0 0 (0%) 12 0
Faggioli et al21 0 0 0 0 (0%) 10 3
Pulli et al22 0 0 0 0 (0%) 10 6
Subtotal 31 (26)* 3 (12%) 43 9 (21%) 114 (46%) 40 (16%)
THI series 1 0 (0%) 1 0 (0%) 9 (14%) 39 (60%)
Total 32 (27)* 3 (11%) 44 9 (21%) 123 (39%) 79 (25%)
*Five aneurysms were confined to the ECA.
CN, Cranial nerve; EC-IC, extracranial-intracranial bypass; EEA, end-to-end anastomosis; NS, not significant; 
THI, Texas Heart Institute.
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antibiotic therapy should be instituted until infec-
tion is ruled out. Should infection occur, thorough
local treatment with povidone-iodine, broad-spec-
trum antibiotics, and organism-specific therapy can
prevent severe complications. We did not encounter
any cases of recurrent PA formation after PA repairs
in which Dacron patches were used (25 cases).
Mechanical stress. With the current practice of
strict asepsis and the use of monofilament sutures,
antibiotic-impregnated patches, and perioperative
modern antibiotic coverage, the first two PA etiolo-
gies are encountered in far fewer instances. The third
etiology, mechanical stress (in 18 patients; age
range, 50-70 years), involves degenerative weaken-
ing of the carotid artery at the closure site, excessive
thinning of the arterial wall during CEA, or inade-
quate control of hypertension in the perioperative
period.25 Cardiovascular risk factors were present in
most of these patients, and many (7/18) had
aneurysms of the aorta and other arteries. The onset
of symptoms ranged from 4 months to 7 years after
the first operation.
To obviate the complications associated with
conventional longitudinal carotid arteriotomy, we
adopted the use of eversion endarterectomy, which
uses a transverse incision. After this technique, the
operated carotid artery more closely resembles the
unoperated artery than after Dacron patch plasty.30
Atherosclerotic aneurysms. Atherosclerosis is
the most common cause of ECA aneurysms,
accounting for 42% of cases in the reviewed series
(Table III).9,10,13-22 However, AAs are rare,
accounting for only 0.62% of all carotid operations
performed at major referral centers. Atherosclerotic
aneurysms are usually found in patients aged 50 to
70 years. The male-female ratio for AAs is 1.9:1,
compared with 5:1 and 30:1 ratios reported for aor-
tic aneurysms and peripheral aneurysms, respective-
ly.31 In the THI experience coronary artery disease
was present in 48% of patients, and arterial hyper-
tension was present in 20% to 45%. Associated vas-
cular diseases, events, or corrective procedures
included AAA repairs and renovascular disease
necessitating reconstruction (in 22% of cases) and
prior contralateral CEA (in 9%).
Traumatic aneurysms. Traumatic aneurysms of
the ECA are rare.32 Sharp or blunt trauma caused 54
cases (13.78%) reported in the literature. The mech-
anisms responsible for the formation of these
aneurysms are either hyperextension and rotation of
the head, which compress and stretch the artery on
the lateral mass of the first cervical vertebra, or a
direct blow leading to shearing of the artery at the
level of its intracranial point of entry.33,34 With the
increased use of the jugular vein approach for place-
ment of a dialysis catheter and central venous
catheter, an increasing number of penetrating
carotid PAs are being encountered, on the basis of
our personal experience. These are usually apparent
at the time of catheter placement, and treatment
Reconstruction
EEA Primary EC-IC Other Major stroke Death Combined % CN dysfunction
8 1 0 0 2 0 2 (10%) 1 (5%)
0 0 0 0 2 1 3 (12.5%) 0%
0 4 1 0 2 1 3 (20%) 0%
0 1 1 0 2 0 2 (9.5%) NS
4 0 0 0 2 0 2 (13%) 6 (15%)
6 2 0 0 1 0 1 (5.6%) 5 (22%)
5 0 4 1 1 0 1 (6%) 5 (25%)
7 2 0 1 1 0 1 (5%) 7 (35%)
1 0 4 1 2 0 2 (12%) 12 (55%)
11 14 0 0 0 1 1 (3%) 26 (66%)
9 2 0 0 2 0 2 (8%) 5 (21%)
4 1 0 0 3 0 3 (14%) 2 (10%)
55 (22%) 27 (11%) 10 (4%) 3 (1%) 20 3 23 (9%) 69 (30%)
10 (15%) 1 (2%) 0 (0%) 6 (9%) 4 1 6 (9%) 4 (6%)
65 (21%) 28 (9%) 10 (3%) 9 (3%) 24 4 29 (9%) 23 (0-66%)
Fig 2. The two types of patches used for Dacron patch
angioplasty. Left, Anatomic patch; right, diamond-shaped
patch.
generally requires evacuation of the hematoma and
simple arterial repair, with good results.
Aneurysm repair
Surgical treatment of ECA aneurysms is required
in most cases to avert disastrous consequences.
Before 1950, 71% of patients with an ECA aneurysm
who did not undergo surgery later died of compli-
cations related to the aneurysm.35 More recently
one fifth of these aneurysms were managed nonop-
eratively, with an overall stroke/major complications
rate of 21%.17 Nonoperative treatment is generally
indicated in young patients who have traumatic and
spontaneously dissecting aneurysms. However,
when anticoagulation therapy fails or when persis-
tent neurologic symptoms or progressive expansion
of the aneurysm occurs, surgical repair is indicated.
Until the 1950s, surgical treatment of ECA
aneurysms consisted of carotid artery ligation only,
which had an associated prohibitive mortality/major
stroke rate of 20% to 40%.35 Although ligation may
prevent aneurysm expansion and embolic complica-
tions, it should be used only when reconstruction is
not possible. Today, ligation is practiced far less
(about 10% of all cases),10,13-16,19,20 even in the pres-
ence of distal extension of the aneurysm, and is asso-
ciated with a lower death/major stroke rate (12%)
(Table IV).9,10,13-22 This rate correlates with the
backpressure in the clamped carotid artery.36 Because
the long-term effects of carotid ligation are seldom
reported, reconstruction of the carotid axis is consid-
ered a safe practice today, whenever possible.
Extracranial-intracranial bypass graft is a techni-
cally difficult procedure that is rarely used (4% of the
cases) as the sole treatment for aneurysm
repair.9,15,19 This technique does not exclude the
aneurysm from the bloodstream and does not elim-
inate the risks of embolization and progressive
aneurysm expansion.
Moreover, the long-term patency of the bypass
graft is undetermined.37 If it is used, this bypass
graft technique should be accompanied or followed
by carotid artery ligation.38
Several important considerations exist regard-
ing the surgical technique of ECA repair. The
potential danger of embolization, lack of distal
control, and the severe scarring (especially with PAs
after previous carotid surgery) or distortion of sur-
rounding vital structures make the procedure tech-
nically challenging. Proper positioning and prepa-
ration are important to prevent embolization or
occlusion of the contralateral artery with overrota-
tion of the head. Although local or regional anes-
thesia for carotid bifurcation atherosclerotic lesions
has been used by others,39,40 we do not advocate
its use, especially for aneurysm repairs. We and oth-
ers believe that general anesthesia is safer and more
convenient in view of the long duration of this pro-
cedure.12 A normal segment of the proximal CCA
and the distal ICA is isolated. If distal control can-
not be obtained because of severe fibrosis or high
extension of the aneurysm, the artery is controlled
internally with a Fogarty catheter, a T-shunt, or an
appropriately sized olive-tipped metal dilator
(Garrett, Bakes). Internal control of the ECA using
the same method is occasionally needed. Currently,
different techniques of treating aneurysms with
intracranial extension are used with satisfactory
results (eg, mandibular subluxation),41,42 with a
relatively low incidence of postoperative cranial
nerve dysfunction.
Pseudoaneurysms. Surgical treatment of PAs
after carotid surgery is demanding. The union of
the previously placed patch and the artery depends
entirely on the suture, because there is no healing
between the Dacron patch and the artery. Thus, if
the suture is broken or if dehiscence has occurred,
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the old patch must be removed, and another patch,
usually a Hema-Shield Dacron patch (Boston
Scientific Corp, Natick, Mass), is inserted with a
running continuous suture of monofilament
polypropylene placed deeply into the artery. When
stenosis is present, endarterectomy must be per-
formed. The patch must be anatomically designed,
usually measuring 1.5 to 2 cm in width throughout
its course (Fig 2). Diamond-shaped patches should
be avoided, because this shape creates turbulence
and may cause the patch to wrinkle at the area of
anastomosis, which may produce another PA.
Repair of infected PAs is especially challenging.
Because the bifurcation and the ICA are most often
affected, the possibilities of extra-anatomic recon-
struction are extremely limited. If a synthetic patch
is present, it will likely require removal; monofila-
ment sutures are used to minimize the risk of recur-
rent infection. Several authors support the use of an
autogenous saphenous vein to repair PAs in the face
of a 10% incidence of infection with synthetic patch
closure, which increases up to 50% with primary clo-
sure.25 Others have expressed concern over vein
patch rupture, especially in younger patients.43-45
However, in a review of 500 consecutive cases of
CEA in which saphenous patch angioplasty was used
over a 12-year period, no PAs developing during fol-
low-up were reported.46 At THI, we used both
Dacron and saphenous vein patches, with no signif-
icant difference in outcome.
Atherosclerotic aneurysms. Many AAs can be
treated with a direct end-to-end anastomosis of the
ICA either to the proximal ICA or to the CCA
because of the saccular nature of the aneurysm or the
associated elongation of the distal ICA. Alternatively,
the ECA may be used as a proximal transposition
site. An autogenous saphenous vein has been advo-
cated as the graft of choice when a primary anasto-
mosis cannot be performed.9,47,48 Dacron and PTFE
grafts have also been used; however, they are subject
to late stenosis because of intimal fibrous hyperpla-
sia.49 In the THI experience, the only local compli-
cation encountered was the development of postop-
erative hematoma in one case where a PTFE graft
was fashioned to reconstruct the carotid bifurcation.
Recently, we favor partial aneurysmectomy and patch
closure over total resection of large fusiform
aneurysms involving the carotid bifurcation (Table
II). Avoidance of extensive resection of the posterior
wall of the aneurysm reduces the risk of injury to the
vagus, recurrent laryngeal, and glossopharyngeal
nerves and may preserve ECA flow. The incidence of
cranial nerve dysfunction in the THI series was 6%.
Spontaneous and traumatic dissecting
aneurysms. Long-term anticoagulation is indicated
in asymptomatic patients. In patients with embolizing
or expanding aneurysms, however, vein grafting,
which preserves the normal anatomy and flow, is the
desired procedure.50 Placement of a shunt is some-
times technically demanding and can be hazardous
until the full extent of the aneurysm has been opened
and the debris removed. Systemic heparinization with
simple clamping is usually well tolerated in a young
patient whose contralateral carotid artery is patent.
In conclusion, surgical repair of ECA aneurysms
can be achieved with a low overall mortality/major
stroke rate of around 10% and a cranial nerve injury
rate of 6%. The comparative incidence for those
ECA aneurysms treated nonoperatively is 21%
(Table III). The potential risks of cerebral ischemia
and rupture and the satisfactory long-term results
achieved with surgery support an aggressive
approach to treatment of these aneurysms.
Recently, endovascular procedures have been
applied in the repair of ECA aneurysms. In addition to
the embolization of aneurysms with detachable coils,
the use of stents and graft-covered stents has been
reported. However, large-series studies will be needed
to establish safety and efficacy of these procedures.
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